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OPTICAL DISC HAVING PLURALITY OF
RECORDING LAYERS, AND METHOD AND

APPARATUS FOR RECORDING DATA
THEREON

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of application Ser. No.
11/205,010 filed on Aug. 17, 2005, now pending, which 1s a

continuation of application Ser. No. 10/966,040 filed on Oct.
18, 2004, now pending, which claims the benefit of Korean
Patent Application No. 2004-46844 filed on Jun. 23, 2004, 1n
the Korean Intellectual Property Oflice, the disclosures of
which are mcorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical disc, and more
particularly, to an optical disc on which data can be recorded
quickly and on which an exclusive region for a specified
purpose can be selectively allocated at the outer circumier-
ence thereot, and a method of and an apparatus for recording
data thereon.

2. Description of Related Art

Optical discs are used as data storage media of optical
pickup devices for recording and reproducing data without
contact. Two types of optical discs are compact discs (CDs)
and digital versatile discs (DVDs), which differ according to
recording capacity. Some are recordable, such as the 650 MB
CD-R, 650 MB CD-RW, 4.7 GB DVD+R/RW, 4.7 GB DVD-
RAM, and DVD-R/RW. Others are read-only, such as the 650
MB CD and 4.7 GB DVD-ROM. Furthermore, a next gen-
eration DVD whose recording capacity 1s over 15 GB 1s under
development.

Presently, the only type of conventional recordable DVD 1s
a 4.7 GB single layer disc. However, DVD-ROMs are avail-
able 1 8.5 GB dual layer discs. In order to backup these 8.5
(B discs, an 8.5 GB recordable DVD 1s required. However, 1n
this case, the recording time roughly doubles, which can be a
disadvantage for the user. Although the recording speed can
theoretically be improved, this would require improvements
in disc technology and therefore, a method of efiectively
recording data at a conventional speed 1s required to 1mme-
diately introduce the 8.5 GB recordable DVD to the market.

FIG. 1A 1llustrates the structure of a conventional rewrit-
able optical disc. FIG. 1B illustrates the structure of a con-
ventional read-only optical disc. The structure of a lead-out
area of the rewritable optical disc shown 1n FIG. 1A 1s almost
the same as the structure of a lead-1n area.

FIGS. 2A and 2B illustrate conventional methods of
recording data on a dual recording layer disc. FIG. 2A shows
the case where the recording direction 1s an opposite track
path (OTP), and FIG. 2B shows the case where the recording,
direction 1s a parallel track path (PTP).

As shown 1n FIGS. 2A and 2B, user data 1s recorded on a
recording layer L1, and then the remaining user data 1s
recorded on a recording layer .2. Pattern data having a lead-
out attribute 1s recorded on an area on which the user data
cannot be recorded, 1n the recording layer L2. Commonly, the
area connecting data storage layers to each other 1s called a
connecting area, to discriminate from the lead-out area and
the lead-1n area. The recording methods shown 1n FIGS. 2A
and 2B can be applied to read-only and rewritable discs.

FIGS. 3A and 3B 1illustrate other conventional methods of
recording data on a dual recording layer disc. FIG. 3A shows
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the case where the recording direction 1s an opposite track
path (OTP), and FIG. 3B shows the case where the recording

direction 1s a parallel track path (PTP). As shown in FIGS. 3A
and 3B, 1f the total amount of data to be recorded is less than
the total capacity of the two recording layers L1 and L2, then
in order to record the same amount of data on each of the two
recording layers .1 and .2, data 1s recorded up to a specified
position betfore the lead-out area on each recording layer, and
pattern data having the lead-out attribute 1s recorded on the
remaining area. In particular, the pattern data having the
lead-out attribute 1s recorded out to the outermost circumfier-
ence of the disc.

FIGS. 4A and 4B 1llustrate other conventional methods of
recording data on a dual recording layer disc. FIG. 4A shows
the case where the recording direction i1s the OTP, and FIG. 4B
shows the case where the recording direction 1s the PTP. Like
the recording methods shown i FIGS. 3A and 3B, the data
recording methods shown 1n FIGS. 4A and 4B show the case
where data 1s recorded up to a specified position before the
lead-out area on each recording layer 1n order to record the
same amount of data on each of the two recording layers L1
and L2, and pattern data having the lead-out attribute is
recorded on the remaining area, when the total amount of data
to be recorded 1s less than the total capacity of the two record-
ing layers L1 and L2. However, unlike the recording methods
shown 1n FIGS. 3A and 3B which record the pattern data
having the lead-out attribute out to the outermost circumier-
ence of the disc, the data recording methods shown 1n FIGS.
4A and 4B record data only as far as necessary, and do not
record the data out to the outermost circumierence of the disc.

According to the conventional data recording methods
described above, additional data recording time 1s required to
record the pattern data having the lead-out attribute on the
area on which user data cannot be recorded.

In the case of a recordable optical disc, a test area to record
data for testing 1s allocated to the optical disc 1n order to
record actual data at an optimum recording power before the
actual data 1s recorded on the optical disc. However, 1n the
case of an optical disc having a plurality of recording layers,
since recording characteristics vary according to which
recording layer data 1s recorded on first, the test area must be
allocated considering the recording characteristics when the
test area for an optimum power control (OPC) 1s allocated to
the optical disc. In particular, when the test area 1s allocated to
the outer circumierence area of the optical disc, the charac-
teristics of the outer circumierence area must be considered.
Also, the process 1s complicated by the fact that 1n an optical
disc having a plurality of recording layers, the recording
characteristics of the outer circumierence area are worse than
in an optical disc having a single recording layer. Further-
more, when the test area and an area having another purpose
are allocated to the outer circumierence area of the optical
disc, the characteristics of the outer circum{ierence area must
also be considered.

BRIEF SUMMARY

An embodiment of the present invention provides an opti-
cal disc having a plurality of recording layers on which data
can be recorded quickly and on which an exclusive area for a
specified purpose can be selectively allocated at the outer
area.

An embodiment of the present invention also provides a
data recording method and apparatus for recording data on an
optical disc having a plurality of recording layers quickly, and
selectively allocating an exclusive area for a specified pur-
pose to the outer area.
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According to an aspect of the present invention, there 1s
provided an optical disc having a plurality of recording layers,
cach recording layer including: a data area; a connecting area;
and a remaining area. The data, connecting, and remaining
areas are respectively disposed 1n a direction from an inner
circumierence of the optical disc to an outer circumierence.
An outer boundary of each of the data areas 1s determined
according to an amount of data to be recorded. Locations of
the connecting areas and the remaining areas are determined
according to the determination of the outer boundary of each
of the data areas.

According to another aspect of the present invention, there
1s provided an apparatus for recording/reproducing data,
including: a write/read unit which transfers data with respect
to an optical disc having a plurality of recording layers; and a
controller which determines an outer boundary of a data area
of each recording layer according to an amount of data to be
recorded and which determines corresponding locations of a
connecting area and a remaining area of each recording layer
according to the determination of the outer boundary of each
of the data areas.

According to another aspect of the present invention, there
1s provided a method of recording data on a plurality of
recording layers, the method including: determining an outer
boundary of a data area of each recording layer according to
an amount of data to be recorded; and determining locations
ol a connecting area and a remaining area of each recording
layer according to the determination of the outer boundary of
cach of the data areas.

According to another aspect of the present invention, there
1s provided a computer readable medium having recorded
thereon a computer readable program for performing a
method of recording data on a plurality of recording layers,
the method including: determining an outer boundary of a
data area of each recording layer according to an amount of
data to be recorded; and determining locations of a connect-
ing arca and a remaining area ol each recording layer accord-
ing to the determination of the outer boundary of each of the
data areas.

Additional and/or other aspects and advantages of the
present invention will be set forth 1 part in the description
which follows and, 1n part, will be obvious from the descrip-
tion, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the present
invention will become apparent and more readily appreciated
from the following detailed description, taken 1n conjunction
with the accompanying drawings of which:

FIG. 1A 1illustrates the structure of a conventional rewrit-
able optical disc;

FIG. 1B illustrates the structure of a conventional read-
only optical disc;

FIGS. 2A and 2B illustrate conventional methods of
recording data on a dual recording layer disc;

FIGS. 3A and 3B illustrate other conventional methods of
recording data on a dual recording layer disc;

FIGS. 4A and 4B 1llustrate other conventional methods of
recording data on a dual recording layer disc;

FI1G. 5 1llustrates the structure of an optical disc according,
to an embodiment of the present invention;

FI1G. 6 1llustrates a zone of a recording layer L1 affected by
a beam focused on a recording layer 1.2 of the optical disc of

FI1G. 5; and
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FIG. 7 1s a block diagram of a data recording/reproducing
apparatus according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENT

Reference will now be made 1n detail to an embodiment of
the present mvention, examples of which are illustrated 1n the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. The embodiment 1s
described below 1n order to explain the present invention by
referring to the figures.

FIG. § illustrates the structure of an optical disc according
to an embodiment of the present invention. The optical disc
shown 1n FIG. 3 1s a dual layer rewritable optical disc having
two recording layers L1 and L.2. The recording layer L1
includes a lead-in area 110, a first data area 120, a first con-
necting area 130, a first non-usage area 140, a first butler area
150, a first exclusive area 160, and a first non-recording area
170. The recording layer 1.2 includes a lead-out area 210, a
second data area 220, a second connecting area 230, a second
exclusive area 240, a second butter area 250, a second non-
usage area 260, and a second non-recording area 270.

A non-limiting example of the detailed structure of the
lead-1n area 110 1s the structure shown 1n FI1G. 1. The structure
of the lead-out area 210 1s similar to the structure of the
lead-1n area 110. However, it 1s to be understood that other
structures can be used.

The first data area 120 and the second data area 220 are
areas on which to record user data. Data having a specified
pattern indicating the end of the first or second data area 120
or 220 1s recorded on the first connecting area 130 and the
second connecting area 230, respectively. A data recording/
reproducing apparatus (such as that shown 1n FIG. 7) recog-
nizes the respective first or second connecting area 130 or 230
alter the first or second data area 120 or 220 by reading the
data having the specified pattern. In general, data having a
lead-out attribute 1s recorded as the data having the specified
pattern.

The first exclusive area 160 and the second exclusive area
240 are used for a specific purpose by the data recording/
reproducing apparatus. For example, the first exclusive area
160 and the second exclusive area 240 are test areas for an
optimum power control (OPC). The OPC means that an opti-
mum recording power 1s determined in the data recording/
reproducing apparatus through a preliminary test, before the
user data 1s recorded on the rewritable disc. However, the first
exclusive area 160 and the second exclusive area 240 may be
used for at least another purpose. For example, the first exclu-
stve area 160 and the second exclusive area 240 may be used
to record data indicating the time of recording and the type of
data recording/reproducing apparatus. The data recording/
reproducing apparatus determines the size of the first exclu-
stve area 160 and the second exclusive area 240 and whether
or not they are allocated.

When data 1s recorded on an optical disc having a plurality
of recording layers, 11 the amount of user data to be recorded
1s less than the total recordable capacity of the optical disc,
and 1f the amount of user data to be recorded 1s known to a
data recording/reproducing apparatus in advance, then the
data recording/reproducing apparatus determines the size of
cach of the data areas 120 and 220 to record the same amount
of user data on each of the plurality of recording layers.

Since the beginning locations of the data areas 120 and 220
are specified, then 11 the size of each of the data areas 120 and
220 15 determined, the ending locations of the data areas 120
and 220 are also determined. If the locations of the data areas
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120 and 220 are determined, the locations of the connecting
arcas 130 and 230 having a specified size are determined.
Finally, 1t 1s determined whether or not to allocate the first
exclusive area 160 and the second exclusive area 240. The
size of each of the first exclusive area 160 and the second
exclusive area 240 1s determined by the data recording/repro-
ducing apparatus later according to the usage frequency of the
exclusive area 160 or 240. Since the beginning locations of
the first exclusive area 160 and the second exclusive area 240
are specified, then iithe si1ze of each ol the exclusive arecas 160
and 240 1s determined, ending locations of the exclusive areas
160 and 240 are also determined.

Various methods may be used to determine whether or not
to allocate the first exclusive area 160 and the second exclu-
stve area 240. For example, 11 the s1ze of the first data area 120
and the second data area 220 are determined, then the loca-
tions of the connecting areas 130 and 230 having a specified
size are determined. If the locations of the connecting areas
130 and 230 are determined, the size of each of remaining
areas from the outer boundaries of the connecting areas 130
and 230 to the outermost circumierence 1s calculated. The
data recording/reproducing apparatus allocates the {irst
exclusive area 160 or the second exclusive area 240 to the
optical disc when the size of each of remaining areas 1s larger
than a specified standard value. As a non-limiting example,
3% of the total amount of data that can be recorded on one
recording layer L1 or L2 may be used as the specified stan-
dard value. However, 1t 1s to be understood that other amounts
can be used.

When the first exclusive area 160 or the second exclusive
area 240 1s allocated, data indicating the fact 1s recorded on a
specified area, ¢.g., the lead-1n area 110.

The directions of the first exclusive area 160 and the second
exclusive area 240 are opposite to each other, and the direc-
tion of each exclusive area 160 or 240 1s opposite to that of the
data area 120 or 220 1n the recording layer L1 or L2 1n which
that exclusive area 160 or 240 exists. Referring to FI1G. 5, the
direction of the first data area 120 in the recording layer L1 1s
outward, and the direction of the first exclusive area 160 1s
inward. On the other hand, the direction of the second data
area 220 1n the recording layer .2 1s inward, and the direction
of the second exclusive area 240 1s outward.

The first non-usage area 140 and the second non-usage area
260 are completely unused. In an optical disc having a plu-
rality of rewritable recording layers, recording characteristics
vary according to which recording layer 1s recorded first. In
particular, the recording characteristics of the outer area of the
optical disc are worse than in the inner area. Therefore, no
data 1s recorded by designating an area of the recording layer
[.2 located at the same location with the first exclusive area
160 as the second non-usage area 260. Likewise, no data 1s
recorded by designating an area of the recording layer L1
located at the same location with the second exclusive area
240 as the first non-usage area 140.

The first butfer area 150 and the second buller area 250 are
prepared considering influences caused by eccentricity of the
optical disc and a beam focused on another recording layer.
Like the first non-usage area 140 and the second non-usage
area 260, no data 1s recorded on the first buffer area 150 and
the second buifler area 250.

FIG. 6 illustrates a zone of the recording layer L1 affected
by a beam focused on the recording layer L2. Referring to
FIG. 6, when a beam 400 1s focused on a specific position of
the recording layer .2 through an objective lens 300 of a data
recording/reproducing apparatus, a zone of the recording
layer L1 corresponding to a radius vy 1s aflected by the beam

400. The first bufter area 150 and the second bufter area 250
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6

are allocated to a proper size considering the influence of the
beam 400 radiated to record data on another recording layer
and the eccentricity of the optical disc.

The first non-recording area 170 and the second non-re-
cording area 270 are located on the outmost circumierence of
the disc and are designated as areas on which data 1s not
recorded to compensate for bad recording characteristics.
However, the first non-recording area 170 and the second
non-recording area 270 may not be allocated.

An exemplary optical disc having dual recording layers has
been described above. However, 1t 1s to be understood that the
present invention 1s not limited to this example. Indeed, it 1s
contemplated that the present mvention may be applied to
optical discs having more than two recording layers.

FIG. 7 1s a block diagram of a data recording/reproducing,
apparatus according to an embodiment of the present inven-
tion. Referring to FIG. 7, the apparatus includes a write/read
unit 1, a controller 2, and a memory 3. An optical disc 100 has
the structure shown 1n FIG. § according to an embodiment of
the present invention.

The write/read unit 1 records data on the optical disc 100 or
reads the recorded data, under the control of the controller 2.
User data to be recorded on the optical disc 100 1s temporarily
stored 1n the memory 3 under the control of the controller 2.
Also, data read from the optical disc 100, or various kinds of
control data generated during recording or reproducing, 1s
stored 1n the memory 3.

Referring to FIGS. 5 and 7, the controller 2 determines the
size and location of each area of the optical disc 100 as
described above. In particular, the controller 2 determines the

allocation and location of the first exclusive area 160 and the
second exclusive area 240.

The operation of the controller 2 will now be described 1n
more detail. The controller 2 determines the size of the first
data area 120 and the second data area 220, to record the same
amount of user data on each of a plurality of recording layers
when the amount of user data to be recorded on the optical
disc 100 1s less than the total recordable capacity of the optical
disc 100.

Since the beginning (1.e., start) locations of the data areas
120 and 220 are specified, then 1f the size of each of the data
areas 120 and 220 1s determined, the ending locations of the
data areas 120 and 220 are determined. If the locations of the
data areas 120 and 220 are determined, the locations of the
connecting areas 130 and 230 having a specified size are
automatically determined.

The controller 2 determines whether or not to allocate the
exclusive areas 160 and 240 of the recording layers L1 and 1.2
according to a specified standard. For example, 11 the sizes of
the first data area 120 and the second data area 220 are
determined, and 11 the locations of the connecting areas 130
and 230 having a specified size are determined, the controller
2 can calculate the size of each of the remaining areas from
the outer boundaries of the connecting areas 130 and 230 to
the outermost circumierence. The controller 2 allocates the
first exclusive area 160 or the second exclusive area 240 to the
optical disc 100 when the size of each of remaining areas 1s
larger than a specified standard value. As a non-limiting
example, 3% of the total amount of data that can be recorded
on one recording layer L1 or L2 may be used as the specified
standard value.

When the first exclusive area 160 or the second exclusive
area 240 1s allocated, the controller 2 controls the write/read
unit 1 to record data indicating that the first exclusive area 160
or the second exclusive area 240 has been allocated on a
specified area, e.g., the lead-1n area 110.
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As described above, the directions of the first exclusive
area 160 and the second exclusive area 240 are opposite to
each other, and the direction of each exclusive area 160 or 240
1s opposite to the direction of the data area 120 or 220 1n the
recording layer L1 or L2 in which that exclusive area 160 or
240 exists.

In an optical disc having a plurality of rewritable recording
layers, the recording characteristics vary according to which
recording layer 1s recorded first, and the recording character-
istics of the outer area of the optical disc are worse than in the
inner area. Therefore, the controller 2 designates an area of
the recording layer 1.2 at the same location as the first exclu-
stve area 160 as the second non-usage area 260. Likewise, the
controller 2 designates an area of the recording layer L1 at the
same location as the second exclusive area 240 as the first

non-usage area 140.

The controller 2 allocates the first buifer area 150 and the
second buffer area 250 considering influences caused by
eccentricity of the optical disc and a beam focused on another
recording layer. While described in terms of a recording/
reproducing apparatus, 1t 1s to be understood that the appara-
tus need not perform both recording and reproduction.

Aspects of the present invention may be embodied 1n a
general-purpose or a specific-purpose computer by running a
program ifrom a computer readable medium, including but not
limited to storage media such as magnetic storage media
(ROMs. RAMs, tloppy disks, magnetic tapes, etc.), and opti-
cally readable media (CD-ROMs, DVDs, etc.). The present
invention may be embodied as a computer readable medium
having a computer readable program code unit embodied
therein for causing a number of computer systems connected
via a network to effect distributed processing. The present
invention may also be embodied 1n a carrier wave (such as a
transmission over the Internet).

As described above, according to an embodiment of the
present invention, exclusive areas can be selectively allocated
for a specified purpose, to allow data to be recorded quickly,
and to allow data to be recorded reliably on the outer area of
the optical disc.

Although a few embodiments of the present invention have
been shown and described, the present invention 1s not limited
to the described embodiments. Instead, 1t would be appreci-
ated by those skilled in the art that changes may be made to
these embodiments without departing from the principles and
spirit of the mvention, the scope of which 1s defined by the
claims and their equivalents.

What is claimed 1s:

1. A method of reproducing data from a plurality of record-
ing layers of an optical recording medium, each of the record-
ing layers comprising a user data area, a connecting area, and
a remaining area, the method comprising:

reproducing user data recorded in the user data area of each

of the recording layers;

wherein 1n each of the recording layers, the user data area

has an outer boundary that was determined according to
an amount of data that was recorded on the optical
recording medium;

in each of the recording layers, locations of the connecting

area and the remaining area were determined according
to the determined outer boundary of the user data area;
in each of the recording layers, the user data area, the
connecting area, and the remaining area are sequentially
arranged 1n a direction from an inner circumierence of
the optical recording medium to an outer circumierence
of the optical recording medium so that the connecting
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area 1s alter the user data area 1n the direction, and the
remaining area 1s aiter the connecting area 1n the direc-
tion;

in each of the recording layers, the remaining area com-
prises an exclusive area for a specified purpose, an
unused area, and a butfer area:

in each of the recording layers, a usage direction of the
exclusive area 1s different from a usage direction of the
user data area; and

in each of the recording layers, the connecting area stores
predetermined data.

2. The method of claim 1, further comprising, in each of the

recording layers:
using the exclusive area for the specified purpose begin-
ning at a beginning position of the exclusive area; and
determining an ending position of the exclusive area.

3. The method of claim 1, wherein in each of the recording,
layers, the usage direction of the exclusive area 1s opposite to
the usage direction of the exclusive area of each adjacent one
of the recording layers.

4. The method of claim 1, wherein in each of the recording,
layers, the unused area 1s positioned at a location correspond-
ing to a location of the exclusive area of each adjacent one of
the recording layers.

5. The method of claim 1, wherein 1n each of the recording,
areas, the usage direction of the user data area 1s opposite to
the usage direction of the exclusive area.

6. The method of claim 1, wherein 1n each of the recording
layers, the exclusive area 1s a test area usable to determine
optimum recording conditions.

7. The method of claim 1, wherein in each of the recording
layers, the predetermined data stored 1n the connecting area
comprises data having a specified pattern indicating an end of
the user data area.

8. The method of claim 7, wherein in each of the recording,
layers, the data having the specified pattern comprises a lead-
out attribute.

9. The method of claim 1, wherein in each of the recording,
layers, the specified purpose 1s using the exclusive area as a
test area for an optimum power control (OPC), or using the
exclusive area to record data indicating a time of recording
and a type of data recording/reproducing apparatus used to
perform the recording.

10. The method of claim 1, wherein when an amount of
user data to be recorded on the optical recording medium 1s
known 1n advance and 1s less than a total amount of user data
recordable on the optical recording medium, an amount of
user data that 1s recorded 1n the user data area of each of the
recording layers 1s equal to an amount of user data that 1s
recorded 1n the user data area of each other one of the record-
ing layers.

11. The method of claim 1, wherein in each of the recording
layers, a size of the exclusive area 1s determined based on a
usage frequency of the exclusive area.

12. The method of claim 1, wherein in each of the recording
layers, the exclusive area 1s allocated when a size of the
remaining area 1s greater than 3% of a total amount of user
data recordable 1n the user data area.

13. A non-transitory computer-readable storage medium
storing a computer program for controlling one or more com-
puters to perform the method of claim 1.

14. The method of claim 1, wherein in each of the recording
layers, an inner periphery of the connecting area abuts an
outer periphery ol the user data area, and an outer periphery of
the connecting area abuts an inner periphery of the remaining
area.
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15. The method of claim 1, wherein in each of the recording

layers, the exclusive area 1s not allocated 1f a size of the
remaining area 1s not larger than a specified size.

16. The method of claim 1, wherein in each of the recording

layers, the buffer area abuts the exclusive area and the unused
area.

17. A method of reproducing data from a plurality of

recording layers of an optical recording medium, the method
comprising;

detecting a connecting area of each of the recording layers
that 1s separate from a data area of the corresponding
recording layer; and

according to the detected connecting areas, reproducing
data from the data area of each of the recording layers;

wherein 1n each of the recording layers, the data area has an
outer boundary that was determined according to an
amount of data that was recorded on the optical record-
ing medium;

in each of the recording layers, locations of the connecting,

area and a remaining area of the recording layer were
determined according to the determined outer boundary
of the data area;

the recording layers comprise a first recording layer and a
second recording layer;

the first recording layer comprises a first data area, a first
connecting area, and a first remaining area sequentially
arranged 1n a direction from an inner circumierence of
the optical recording medium to an outer circumierence
ol the optical recording medium so that the first connect-
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ing area 1s after the first data area 1n the direction, and the
first remaining area 1s after the first connecting area 1n
the direction;

the second recording layer comprises a second data area, a
second connecting area, and a second remaining area
sequentially arranged in the direction from the inner
circumierence of the optical recording medium to the
outer circumierence of the optical recording medium so
that the second connecting area 1s after the second data
area 1n the direction, and the second remaining area 1s
after the second connecting area 1n the direction;

the first remaining area of the first recording layer com-
prises a lirst unused area, a first bulfer area, and a first
OPC (optimum power control) area;

the second remaining area of the second recording layer
comprises a second OPC area, a second builer area, and
a second unused area:

in the first recording layer, an inner periphery of the first
unused area abuts an outer periphery of the first connect-
ing area, an outer periphery of the first unused area abuts
an 1nner periphery of the first buffer area, and an outer
periphery of the first buifer area abuts an inner periphery
of the first OPC area; and

in the second recording layer, an inner periphery of the
second OPC area abuts an outer periphery of the second
connecting area, an outer periphery of the second OPC
area abuts an inner periphery of the second butfer area,
and an outer periphery of the second butlfer area abuts an
inner periphery of the second unused area.
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